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A NOTE ON THE SIGNIFICANCE OF THE SIZE OF 
NERVE FIBERS IN FISHES.! 


By C. Jupson Herrick. 


The observations upon the relation between diameter and 
distribution of nerve fibers in the frog, reported upon by Miss 
Dunn (’02), call to mind certain facts which came under my 
notice in the prosecution of my researches on the nerve com- 
ponents of fishes and which may serve to supplement as well as 
to verify her observations. 

The eye-muscle nerves of Menidia I have found (see Sec- 
tion g of the work cited in the appended bibliography) to con- 
tain both typical coarse motor fibers and also very fine fibers 
which leave the brain bound up in the same root with the 
others, but terminate peripherally on a different set of muscle 
fibers. All of the extrinsic eye-muscles have, in addition to 
the usual large muscle fibers, a large number of very small 
ones. These latter are, for the most part, segregated into a 
separate slip, which may have a slightly different origin from 
the main muscular mass. The finer nerve fibers can be sepa- 
rately followed from the superficial origin of the nerve to their 
insertion in the muscle and the separation of the finer muscle 
fibers from the coarse ones makes it easy to determine the 
exact distribution of the two kinds of nerve. fibers. To quote 
from the work just cited (p. 389), ‘‘In the case of each of the 
six eye-muscles of which we have just been treating, the side 
along which the finer fibers of its nerve run contains much 
smaller muscle fibers than those which make up the body of the 
muscle, the diameter of these small muscle fibers often being 
no greater than that of a large nerve fiber. The smaller 
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muscle fibers are not merely the ends of larger ones which have 
become attenuated near their insertion, but they run for nearly 
the whole length of the muscle, maintaining the same diameter 
and the same relation to the larger ones. They do not appear 
to differ from the ordinary fibers except in size, in their con- 
stant relation to the finer nerve fibers and particularly in the 
fact that they are in places more closely enveloped by a dense 
and very rich plexus of these finer nerve fibers and by a nucle- 
ated connective tissue interstitial substance.” 

The point in this description to which I here direct atten- 
tion is the fact that the large and small nerve fibers leave the 
brain together and are apparently approximately equal in 
length. In fact, the smaller fibers in general may be a trifle 
longer, for they usually end farther out on the muscle towards 
its insertion than do the larger ones. The size of the nerve 
fibers is evidently correlated with the size of the muscle fibers 
to be innervated. I have verified this observation on several 
other bony fishes; viz., the cod, the gold fish and the cat fish, 
whose eye-muscles show the same peculiarity of innervation. 

In Section 5 of the same memoir is described a similar 
condition in connection with certain muscles (presumably all of 
the visceral type) about the beginning of the oesophagus of 
Menidia. On page 264 the description of the innervation of 
the m. pharyngeus transversus is as follows: ‘‘ This is a large 
stout muscle extending between the two inferior pharyngeal 
bones. It is incompletely divided into two parts, a large ven- 
tral part which is supplied by a small number of very coarse 
and heavily myelinated fibers, like those for the other branchial 
muscles which can be traced back into the common motor com- 
ponent [of the vagus nerve], and a smaller dorsal part which is 
dorsally confluent with the general constrictor muscles of the 
oesophagus and like them is supplied by many very fine fibers 
whose origin could not be traced. The muscular fibers of the 
ventral part are very large and thick, those of the dorsal part 
smaller, but not so small as those of the proper constrictor of 
the oesophagus.’’ Here again we have a case where nerve 
fibers of the same length and type (both viscero-motor) differ 
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conspicuously in diameter and this is correlated with a similar 
difference in the size of the muscle fibers innervated. 

I have observed many similar cases, especially among the 
branchial muscles of fishes, whose fibers vary greatly in size, 
depending apparently upon the functional importance of the 
muscle in question. It is a general rule, though by no means 
an invariable one, that in the fishes large muscle fibers are sup- 
plied by large nerve fibers and conversely small muscle fibers 
by small nerve fibers, irrespective of the relative length of the 
nerve fibers. 

Now, to return to Miss Duwnn’s paper, she finds that 
ScHWALBE’s inference, that, other things being equal, the long- 
est nerve fibers have the largest diameter, does not hold true in 
the case of the sciatic nerve of the frog. On the other hand, 
the largest nerve fibers, it appears from her observations, are 
given off with the branches for the thigh, while the shank and 
foot are innervated by the smaller fibers. 

Now, if we confine our attention for the moment to the 
motor fibers of the sciatic nerve, those for the muscles of the 
thigh should be larger in diameter than those for the shank, 
provided our rule stated above holds true, since the muscles of 
the thigh are much larger and more important, functionally, 
than those of the shank. 

But this peculiarity is not confined to motor fibers. In 
the study of the innervation of the cutaneous sense organs of 
fishes I have met with many analogous instances. Thus, the 
organs of the lateral line system of fishes are usually inner- 
vated by very large nerve fibers, the largest in the body. But 
in many fishes a part of the organs of this system are greatly 
reduced in size, and presumably in functional importance. That 
these reduced organs are of small functional importance is 
rendered still more probable by the fact that their essential 
sensory cells, the hair cells, exhibit a greater proportional 
reduction than the indifferent supporting cells. Now, these 
reduced organs, irrespective of their position on the body and 
hence of the length of the nerve fibers which innervate them, 
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are as a rule supplied by much smaller nerve fibers than are the 
large and highly functional organs of the same fish. 

Still another case is furnished by the terminal buds 
(gustatory organs) of the outer skin and barblets of some 
fishes. The distribution and innervation of these organs I 
have worked out in some detail in the case of Ameiurus 
melas, as already reported (HERRICK, ’01). These organs 
are similar in structure to the taste buds in the mouth and 
like them they are innervated by communis nerves, so that 
the nerves of the two sets of sense organs can be directly com- 
pared. It is characteristic of communis nerves generally that 
their diameter is less than that of other types of cerebro-spinal 
nerves and the medullary sheaths are thin. The communis 
nerves which supply the taste buds of the mouth cavity are not 
exceptions to this rule, but those which supply the very large 
gustatory organs of the outer skin of the siluroids are consid- 
erably larger and are provided with much more dense medullary 
sheaths than is usual for fibers belonging to this system. The 
more highly developed terminal organs and greater functional 
importance doubtless have called forth a change in the character 
of the nerve fibers. That these cutaneous sense organs of the 
siluroid fishes are in fact highly functional as a gustatory appa- 
ratus I can definitely affirm on the basis of experiments now 
nearly ready for publication. 

Miss Dunn concludes that in the case which she has exam- 
ined there is no direct correlation between the diameter of the 
nerve fibers and the length of the fibers. I would make this 
conclusion general and add to it that there is, in some cases at 
least, a correlation between the diameter of the fiber and the 
functional importance of the fiber, or the physiological impor- 
tance of its terminal organ as compared with other organs of 
the same system. The qualification stated, ‘‘of the same 
system,” is important. In 1899 I formulated (p. 173 of the 
Menidia paper) the following definition of the functional system 
of nerves: ‘‘Each system may be defined as the sum of all 
fibers in the body which possess certain physiological and 
morphological characters in common, so that they may react in 
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acommon mode. Morphologically, each system is defined by 
the terminal relations of its fibers—by the organs to which 
they are related peripherally and by the centers in which the 
fibers arise or terminate.” It so happens that throughout the 
vertebrate series the peripheral fibers of each system have 
certain tolerably uniform characteristics of caliber, medullation, 
etc., by which they may be distinguished from those of other 
systems. This fact lies at the basis of much of the recent 
work on nerve components, in the course of which the several 
systems of components have been followed through seriai sec- 
tions from their primary centers within the brain to their 
peripheral termini. These fiber characteristics are, however, 
by no means inflexibly fixed, but, as we have seen above, are 
sometimes subject to wide and very confusing variations, partly 
explicable as functional adaptations, partly as yet unexplained. 

These variations oppose very grave obstacles to the deter- 
mination of the morphological rank of any organs on the basis 
merely of the size of the nerve fibers innervating them. For 
instance, the division of the body musculature into somatic and 
visceral systems needs a much more secure foundation than that 
afforded by studies on the caliber of the nerve fibers supplying 
the several muscles such as have been made by GASKELL, SHORE, 
EpGewortTH and others. This character is doubtless an impor- 
tant aid, but it requires rigid embryological control. This is 
clearly appreciated by some of these authors, who have followed 
their measurements of nerve fibers by an embryological study 
of the muscles innervated. 

By way of summary, then, we conclude that each func- 
tional system of peripheral nerves has tolerably definite fiber 
characteristics, the basis for which is as yet unknown; that 
these characteristics are by no means invariable, but that the 
fibers of a given system may show considerable differences in 
caliber and medullation in a single animal; and that some of 
these differences, at least, may be correlated with the degree of 
functional development of the peripheral end-organ. In general, 
highly developed muscle fibers, sense organs, etc. receive larger 
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nerve fibers than similar organs ina state of structural and 
functional degradation. 
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